The Beijing family of Mycobacterium tuberculosis strains is part of lineage 2 (also known as the East Asian lineage). In clinical studies, we have observed that isolates from the sublineage RD207 of lineage 2 were more readily transmitted among humans. To investigate the basis for this difference, we tested representative strains with the characteristic Beijing spoligotype from four of the five sublineages of lineage 2 in the guinea pig model and subjected these strains to comparative whole-genome sequencing. The results of these studies showed that all of the clinical strains were capable of growing and causing lung pathology in guinea pigs after low-dose aerosol exposure. Differences between the abilities of the four sublineages to grow in the lungs of these animals were not overt, but members of RD207 were significantly more pathogenic, resulting in severe lung damage. The RD207 strains also induced much higher levels of markers associated with regulatory T cells and showed a significant loss of activated T cells in the lungs over the course of the infections. Whole-genome sequencing of the strains revealed mutations specific for RD207 which may explain this difference. Based on these data, we hypothesize that the sublineages of M. tuberculosis are associated with distinct pathological and clinical phenotypes and that these differences influence the transmissibility of particular M. tuberculosis strains in human populations.
T
he emergence and spread of apparently new strains of Mycobacterium tuberculosis, including multiple and extensively drug-resistant (M/XDR) strains, have raised considerable concern (43) . Of particular concern is the Beijing family of strains, a family that is thought to have enhanced pathogenicity, a predilection for drug resistance (15, 47) , and a less effective response to M. bovis BCG-based vaccines (32, 35) .
The Beijing family belongs to lineage 2 (also known as the East Asian lineage) of M. tuberculosis. This lineage is defined by the region of difference (RD) RD105, is monophyletic, and is divided into five sublineages based on their specific RDs: RD105, RD207, RD181, RD150, and RD142 (48) . Strains from four of the five sublineages (RD207, RD181, RD150, and RD142) have the characteristic spoligotype that defines the Beijing family (21) . In a recent population-based study in San Francisco, CA, we demonstrated that different sublineages of lineage 2 differed in the number of secondary cases of tuberculosis they caused (19) . Based on this observation, we hypothesized that there are differences in the pathogenicities of these sublineages. To investigate this hypothesis, we used an animal model to examine the pathogenicities of four sublineages among lineage 2. We examined the capacity of a representative panel of clinical isolates to cause infection and grow in the guinea pig model (31) after low-dose aerosol exposure. The primary question posed was whether our model could demonstrate increased pathogenicity of RD207, the sublineage that was associated with more secondary cases than the other three sublineages in San Francisco. In addition, we performed analysis of whole-genome sequence data to explore the possible mechanisms that could explain the different epidemiological and pathological characteristics of the different sublineages. We also repeated the epidemiological analysis with a larger sample size to confirm the relationship between the sublineages and their ability to cause secondary cases in San Francisco.
MATERIALS AND METHODS

Study population.
We have been conducting a population-based study of the molecular epidemiology of tuberculosis in San Francisco since 1991 (9) . For the current study, we used M. tuberculosis identified as belonging to lineage 2 isolated from incident cases of tuberculosis between January 1991 and December 2008. The protocols and procedures for the protection of human participants were approved by the University of California, San Francisco.
Genotyping. For the molecular epidemiological assessment, we used insertion sequence (IS)6110 restriction fragment length polymorphism (RFLP) to determine the genotype of clinical isolates of M. tuberculosis. Strains with the same IS6110 genotype (identical numbers and molecular weights of the IS6110 bands) were defined as clustered (51) . Patients within the cluster were considered to have an epidemiologic link and thus to be part of a chain of transmission. The initial case identified was considered to be the index case, and subsequent cases were considered secondary cases. Cases having isolates with no matching RFLPs (unique cases) were considered a result of reactivation of latent infection. The methods for determination of lineage and sublineage have been described previously (16, 49) .
Animal model. Female outbred Hartley guinea pigs (ϳ500 g in weight) were purchased from the Charles River Laboratories (North Wilmington, MA) and held under barrier conditions in a biosafety level III animal laboratory. The specific-pathogen-free nature of the guinea pig colonies was demonstrated by testing sentinel animals. All experimental protocols were approved by the Animal Care and Usage Committee of Colorado State University and comply with NIH guidelines.
Experimental infections. Ten strains representing the four sublineages with the Beijing spoligotype were used in this study (Table 1) . These consisted of strains 4233, 4588, and 4619 (RD142), 3376 and 3446 (RD150), 3393, 3507, and 4147 (RD181), and 4334 and 5097 (RD207).
All strains were grown in 7H9 broth containing 0.05% Tween 80. Thawed aliquots of frozen cultures were diluted in sterile water to the desired inoculum concentrations. A Madison chamber aerosol generation device was used to expose the animals to M. tuberculosis. This device was calibrated to deliver approximately 20 bacilli into the lungs. Lung bacterial counts on days 30 and 60 were determined by plating serial dilutions of tissue homogenates on nutrient 7H11 agar and counting CFU after 3 weeks of incubation at 37°C. The infection inoculum and day 1 lung bacterial counts were determined for all the bacterial strains tested by plating serial dilutions of inoculum or tissue homogenates on nutrient 7H11 agar and counting CFU after 3 weeks' incubation at 37°C. No significant differences in terms of the infection dose or the day 1 bacterial uptake values were seen among any of the strains tested.
Histological analysis. Same-lung lobes from each guinea pig were fixed with 4% paraformaldehyde in phosphate-buffered saline. Paraffinembedded sections from these tissues were stained using hematoxylin and eosin and examined microscopically. The concurrent progression of lung and lymph node lesions was evaluated using a histological grading system (37) .
Organ digestion. To prepare single-cell suspensions, the same lungs, lymph nodes, and spleens were perfused with 20 ml of a solution containing phosphate-buffered saline (PBS) and heparin (50 U/ml; SigmaAldrich, St. Louis, MO) through the pulmonary artery. The caudal lobe was aseptically removed from the pulmonary cavity, placed in medium, and dissected. The dissected lung tissue was incubated with complete Dulbecco's modified Eagle medium (cDMEM) containing collagenase XI (0.7 mg/ml; Sigma-Aldrich) and type IV bovine pancreatic DNase (30 g/ml; Sigma-Aldrich) for 30 min at 37°C. The digested lungs were further disrupted by gently pushing the tissue twice through a cell strainer (BD Biosciences, Lincoln Park, NJ). Red blood cells were lysed with ACK buffer, washed, and resuspended in cDMEM. Total cell numbers were determined by flow cytometry using BD Liquid Counting Beads, as described by the manufacturer (BD PharMingen, San Jose, CA).
Flow cytometric analysis of cell surface markers. Single-cell suspensions from each individual guinea pig were first incubated as previously described (30, 31) with antibodies to CD4, CD8, pan T cell, CD45, MIL4, B cell, macrophage, and class II at 4°C for 30 min in the dark after washing the cells with PBS containing 0.1% sodium azide (Sigma-Aldrich). The anti-guinea pig macrophage MR-1 antibody is an intracytoplasmic antigen, and therefore cell membranes were permeabilized using Leucoperm (Serotec Inc., Raleigh, NC) according to the manufacturer's instructions prior to intracellular staining. Data acquisition and analysis were done using a FACSCalibur flow cytometer (BD Biosciences, Mountain View, CA) and the CellQuest software program (BD Biosciences, San Jose, CA RT-PCR analysis. Expression of mRNA encoding the cytokines gamma interferon (IFN-␥), interleukin 12p40 (IL-12p40), tumor necrosis factor alpha (TNF-␣), transforming growth factor ␤ (TGF-␤), IL-17, and the regulatory T cell-associated intracellular marker Foxp3 was quantified using real-time reverse transcription-PCRs (RT-PCRs). The same lobe from each guinea pig (n ϭ 5) lung was added to 1 ml of TRIzol RNA reagent (Invitrogen), homogenized, and frozen immediately, and total RNA was extracted according to the manufacturer's protocol. RNA samples from each group and each time point were reverse transcribed using the reverse transcriptase enzyme (Moloney murine leukemia virus [MMLV] reverse transcriptase; Invitrogen). Four-microliter samples of cDNA were then amplified using the iQ SYBR green supermix (Bio-Rad), following the manufacturer's protocol, on the iQ5 iCycler amplification detection system (Bio-Rad). A negative control using ultrapure Molecular Biology water as the template and a nontemplate control (NTC) were run to confirm that the signals were derived from RNA and not due to contaminating genomic DNA. In order to ensure that only the correct gene was amplified and not primer-dimer or nonspecific secondary products, a melting curve analysis was performed for each run. Fold induction of mRNA was determined by analyzing cycle threshold (C T ) values normalized for hypoxanthine phosphoribosyltransferase (HPRT) (C T ) expression. The primer sequences for guinea pig IFN-␥, IL-12p40, TNF-␣, TGF-␤1 and 18S were previously published (3, 26) . The primer sequences for guinea pig Foxp3 were determined with assistance from Anand Damodaran (Genotypic Technology, Bangalore, India): forward, 5= AGAAA GCACCCTTTCAAGCA 3=; reverse, 5= GAGGAAGTCCTCTGGCTCCT 3=; and forward, 5= TTCTTCCAAACACAGGATCAGC 3=; reverse, 5= TC ATTTCCGATAGGGCTTGG 3=. Primer sequences used for IL-17 were as follows: forward, 5= CTCTGCAGGACCATCTC 3=; reverse, 5= TTACTC GGGCTGTGTCAATG 3=; and forward, 5= AGTCGTGTGTGATGGG AGTG 3=; reverse, 5= TCAAGTTCCTGCTGCTGTTG 3=.
Whole-genome sequencing. Illumina technology was used to sequence the whole genome of the 10 M. tuberculosis strains. Briefly, DNA was fragmented, end repaired, A= tagged, ligated to adaptors, size selected, Mapping and SNP calling. The software program BWA was used to map the reads from the 10 strains against the M. tuberculosis complex reference genome, which is a reconstructed ancestor that is H37Rv-like in its structure, but H37Rv alleles were replaced by those present in the inferred common ancestor of all M. tuberculosis complex lineages (12) . BWA outputs were analyzed using the SAM tools software program (23, 24) . We applied heuristic filters to remove problematic positions and a threshold of the probability of difference from the reference base. We set 200 as the maximum read depth to call a single-nucleotide polymorphism (SNP), and Phred-scaled probability was set as 20. SNP lists for individual strains were combined in a single nonredundant data set, and the corresponding base call was recovered for each strain. We excluded SNPs in PE/PPE genes, genes described as integrase, transposase, or phage, and SNPs for which at least one strain showed an ambiguous SNP call. The software program MEGA4 (46) was used to reconstruct a neighbor-joining phylogeny, using the number of differences for the 10 lineage 2 strains sequenced for this study, 23 sequences from different M. tuberculosis complex lineages previously published (11) , and the sequence of an M. tuberculosis strain from the RD105 sublineage from our collection of strains. SNPs were mapped to the tree using the software program Mesquite (25) , and specific sublineage SNPs were identified.
Prediction of functional effects of nsSNPs. The SIFT (sorting intolerant from tolerant) algorithm (28) was used to predict the mutations most likely to affect protein function. SIFT searches for homologs of the gene of interest in other bacteria and does the following: (i) scores the conservation of the positions where mutations are found, and (ii) weights this score by the nature of the amino acid change. These measures were then used as a proxy for the impact of a specific mutation on protein function. Mutated positions with normalized probabilities less than 0.05 were predicted to have an impact on the protein, and those greater than or equal to 0.05 were predicted to have no impact (28) . We used the nonredundant protein sequence database downloaded from NCBI on 6 June 2012. This database combines entries from GenPept, Swissprot, PIR, PDF, PDB, and NCBI RefSeq. Only nonsynonymous SNPs (nsSNPs) for monophyletic groups (observed in all its descendants) were included in the analysis.
Statistical analysis. To determine the association between the sublineages and secondary cases, univariate analyses were performed using 
RESULTS
Relationship between sublineages and ability to cause secondary cases. From January 1991 to December 2008, 3,847 cases of tuberculosis were reported in San Francisco, of which 3,311 (86%) had a positive culture for M. tuberculosis. RFLPs and lineage data were available for 2,361 (71%) of all culture-positive cases. There were 648 (27%) patients with M. tuberculosis from lineage 2, and 593 (92%) had sublineage data. We excluded 7 index cases with solely extrapulmonary disease, since their likelihood of transmitting M. tuberculosis is low, and assigned index case status to the next pulmonary case in sequence. The clinical characteristics were similar among patients with and those without sublineage data. Based on RFLP genotyping, there were 114 secondary cases associated with 65 index cases and 407 cases with unique isolates. Univariate analysis demonstrated that patients born in the United States were more likely to be secondary cases (OR, 6.61; 95% confidence interval [CI], 3.88 to 11.2; P Ͻ 0.001), as were patients with isolates from sublineage RD207 compared with the other sublineages (OR, 2.04; 95% CI, 1.02 to 4.08; P ϭ 0.04) ( Table 2 ). The multivariate analysis was based on 92 clustered cases (of 114) in 481 observations (sputum smear status was not available in several cases). It showed that the only independently significant risk factor for being a secondary case was being born in the United States (OR, 5.22; 95% CI, 2.89 to 9.42; P Ͻ 0.001). The adjusted odds of sublineage RD207 being a secondary case were 1.98 (95% CI, 0.91 to 4.29; P ϭ 0.08) ( Table 2) , which is higher than we previously published (19) and supports the previous observation that in San Francisco, sublineage RD207 may be more likely than other sublineages to be transmitted.
Capacity of clinical isolates to grow after low-dose aerosol exposure. The course of infection in the lungs of guinea pigs harboring each isolate is shown in Fig. 1 . All 10 strains grew progressively for the first 30 days, with the members of the RD142, RD150, and RD207 sublineages growing well and with more modest growth seen for the three RD181 isolates.
All 10 infections caused moderate to severe pathology in the lungs over the course of the infection (Fig. 2 and 3) . In all cases the infections induced extensive mixed inflammation and necrosis, but this was particularly pronounced in the case of infections with the two RD207 sublineage strains 4334 and 5097 (Fig. 3G to J) , which established multiple large highly necrotic lesions in the lungs by day 30, resulting in marked consolidation by day 60. Milder degrees of pathology at day 30 were seen in the other groups, particularly RD150 and RD181. By day 60, lesions in all the animals infected with the clinical isolates showed severe in- creases in secondary lesion progression, characterized by multiple foci of extensive inflammation coalescing within the pulmonary parenchyma ( Fig. 2 and 3) , whereas lung involvement in the cases of the two RD207 sublineage strains was especially severe (Fig. 3G to J). These progressive changes in tissue lesions were further reflected by lesion score analysis, revealing that the RD207 sublineage strains showed statistically significantly more extensive damage in the lungs than all the other sublineages over the course of the infections (Fig. 4A and B) .
Immune responses to clinical isolates. We tracked the expression of the TH1 cytokines IFN-␥, IL-12p40, and TNF-␣ (Fig. 5 ) and compared this information based on the closer phylogenetic relationship between the respective sublineages to levels of proinflammatory IL-17 and Foxp3 and TGF-␤ (Fig. 6) , markers associated with downregulation of immunity. All 10 strains generated appreciable levels of the cytokines IFN-␥, IL-12p40, and TNF-␣, indicating generation of a TH1 response (Fig. 5A to C) . Whereas strong signals were observed for IFN-␥ (Fig. 5A ), these waned significantly by day 60 in animals infected with the RD150 and RD207 strains.
We also examined the induction of regulatory molecules, given our earlier observations (32, 44) that this seems to be a common property of many of the Beijing strains. As the infections progressed, increases in message for Foxp3 were seen in all strains (Fig. 6A ) and most significantly for the two RD207 strains, suggesting the arrival in the lungs of regulatory T cells. In addition, a very large increase in TGF-␤ expression (Fig. 6B ) in animals infected with the two RD207 strains was observed during this time. Finally, increased expression of IL-17 message was observed (Fig.  6C) , again very prominently in response to the two RD207 and RD150 strains. This observation is consistent with the high levels of lung consolidation seen, presumably driven by IL-17-mediated local chemokine release.
We used flow cytometric protocols (31) to further define the cellular response in the guinea pig lungs. As shown in Fig. 7A , we observed substantially increased numbers of activated CD4 ϩ
CD45
hi T cells in the lungs of guinea pigs infected with the RD207 and RD142 sublineage strains on day 30 after infection. However, as the infection progressed, the numbers of these cells dropped precipitously by day 60 (Fig. 7B) .
Whole-genome sequence analysis. Analysis of the 10 wholegenome sequences identified a total of 1,534 SNPs specific for lineage 2. We inferred 51 nsSNPs specific for the RD207 sublineage, 24 for the RD142 sublineage, and 28 for the RD150 sublineage. There were no mutations exclusive for the RD181 sublineage, since all the mutations observed in RD181 were also present in the RD150 and RD142 strains. The numbers of nsSNPs that were considered to have an impact on the gene function based on the SIFT analysis were 18 for RD207, 13 for RD142, and 16 for RD150. The list of the genes affected and their SIFT values are shown in Table 3 .
DISCUSSION
All the strains representing four sublineages of lineage 2 of M. tuberculosis with the Beijing spoligotype were capable of growing and causing lung pathology in guinea pigs exposed to low-dose aerosol infection. The ability of mycobacteria to grow in the lungs over time is the most conventional measure of strain virulence. While differences between the four sublineages were not overt, members of the RD207 sublineage, consisting of strains more likely to cause secondary clinical cases, caused more-severe pa- photomicrographs from sections of paraformaldehyde-fixed and paraffin-embedded guinea pig tissues from the same lungs, which were collected on days 30 and 60 after infection with RD181 (A to F) and RD207 (G to J) strains. Pulmonary pathology was similar to that seen with the RD142 and RD150 strains (Fig. 2) . The extent of lung involvement was notably greater with the RD207 strains than with the RD181 strains and was very severe by day 60 (G to J). Hematoxylin-and-eosin staining; total magnification (A to J), ϫ10. thology in these animals than members of the RD142 or RD181 sublineage, with the fourth sublineage, RD150, showing an intermediate pattern. All strains tested were capable of inducing TH1 immunity. In comparison with the RD207 sublineage, the RD142 strains showing the highest IFN-␥ responses were associated with mild inflammation and reduced regulatory Foxp3 ϩ expression. This finding suggests that the RD142 strains are more immunogenic, and it is consistent with the ability of the guinea pigs to control and contain these particular strains more quickly. In addition, all strains induced some degree of regulatory host molecules (Foxp3, TGF-␤, and IL-17), which seems to be a general property of the Beijing strains analyzed in animal studies to date (32, 44) . Members of the RD207 sublineage gave the highest signals.
Animals infected with the RD207 sublineage showed both a significant drop in activated CD4 ϩ CD45 hi T cells in the lungs as the infections progressed and a concomitant large rise in markers associated with regulatory T cell influx into the lungs. Together, these data indicate that different sublineages of lineage 2 do not behave in a comparable manner in the animal model but instead have some observable differences in their degree of immunopathology and capacity to generate protective and/or regulatory immunity. Hence, this supports the hypothesis, albeit cautiously made, that the RD207 sublineage of lineage 2 may be associated with distinct clinical and pathological properties and that these properties may influence the transmission capacity of isolates within patient communities.
To explore the possible mechanisms for differences observed across sublineages, we analyzed the whole-genome sequences of the strains included in this study. Each of the sublineages had specific mutations that, based on their SIFT values, suggested an impact on gene function. The strains from sublineage RD207 had a mutation in Rv0989c (grcC2), a diphosphate synthase required for cell wall biosynthesis (27) . These strains also had a mutation in the gene Rv2959c, encoding a methyltransferase involved in the biosynthesis of phenolglycolipid, which is considered a virulence factor (39) . It is tantalizing to speculate that a mutation in this gene may render the bacteria more virulent, as observed in the epidemiologic analysis (more secondary cases) and in the animal model (more necrosis and inflammation).
FIG 4
The sublineage RD207 shows increased lesion scores in the lungs. Lung lesion scores for the guinea pigs on day 30 (A) or day 60 (B) after infection with the various sublineage strains. The histopathology was characterized using a lesion scoring system that showed the significant extent of lung disease compared to that of the other organs during chronic infection (n ϭ 5; ‫,ء‬ Student's t test, P Ͻ 0.05). Please note that the calcification/necrosis ratio was zero for all strains in panel A.
The strains from sublineage RD150 had mutations that may have an impact on the function of four interesting genes. Rv0577, a gene restricted to members of the M. tuberculosis complex (18), has been used for diagnostic purposes (45) . The protein encoded by Rv0577 may regulate innate and adaptive immunity by interacting with Toll-like receptor 2 (8) . Rv1009 (rpfB) is one of the most immunogenic resuscitation-promoting factors (40) , and deletion of this gene has been associated with delayed reactivation from chronic tuberculosis in mouse (50) . Rv1638 (uvrA) is part of the nucleotide excision repair system which counteracts the deleterious effects of DNA lesions (41) and is essential for Mycobacterium smegmatis to survive under conditions of hypoxia and low carbon source (13) . Rv2416c (eis) encodes a secretory protein that enhances intracellular survival of M. tuberculosis in monocytes and contributes to its pathogenicity (53) . A study demonstrated that Eis impaired the host defense against tuberculosis by disturbing the cross regulation of T cells, producing an imbalance between TH1 and TH2 responses, which could be a factor in the pathogenesis of tuberculosis (22) .
The strains from sublineage RD142 have mutations in three interesting genes for which other polymorphisms have been described. Rv0989c (grcC2) had a different mutation in RD142 strains than in the RD207 strains discussed previously. Rv1811 (mgtC) encodes a virulence factor required to survive in macrophages and under conditions with low Mg2 ϩ (6). Different mutations in this gene have been found in strains from the Euro-American lineage (spoligotype Haarlem) (2). Rv1317c (alkA) is part of the AdaA-AlkA adaptive response in M. tuberculosis, and multiple mutations have been found in strains from lineage 4 (Euro-American), lineage 2 (the same mutation has been found previously in the W-Beijing 210 strain, which belongs to the RD142 sublineage), and in Mycobacterium bovis (29) . It has been suggested that a defective adaptive response by these genes will confer a selective advantage to M. tuberculosis (54) .
The strains from RD181 are a paraphyletic group, defined as a group of organisms which includes the most recent common ancestor of all of its members but not all of the descendants of that most recent common ancestor. In this particular case, RD181 strains share an ancestor, but the group also includes RD150 and RD142 strains. This implies that SNPs shared by all RD181 strains are also present in RD150 and RD142 strains and that there were not common nsSNPs exclusive for all RD181 strains.
Although some of these mutations may explain the pathological and immunological differences observed, there are a multitude of factors that can influence the transmission and pathogenic capabilities of a given isolate, such as host and environmental factors (5, 20, 27, 38) , HIV coinfection (42) , and the concentration of organisms in environmental air (17) . Until recently, the only bacterial factor considered was the presence of drug resistance; some studies have suggested that M. tuberculosis resistant to isoniazid is less transmissible (52) and less pathogenic than fully susceptible organisms (7, 11) , although an earlier study in our laboratory (33) investigating the virulence of multidrug-resistant isolates did not show much evidence of loss of virulence of these strains. More recent studies suggest that different groups of isolates of M. tuberculosis may contribute to different clinical outcomes (14) . As noted recently (52) , the application of new molecular typing techniques has increased both our knowledge of bacterial factors and the identification of separate lineages of isolates. It is overly optimistic to expect that the myriad of factors can be modeled in animals such as the guinea pig used here, but such models can provide clues. Like humans, the guinea pig undergoes a process of granulomatous inflammation and necrosis when infected with M. tuberculosis, and the differing degrees to which this occurs may be an indicator of the virulence of the infecting isolate (36, 37) . Moreover, by applying new flow cytometric techniques (30, 31) and RT-PCR methods, one can detect differences in the expression of protective immunity (RD142 strains clearly generated the strongest response, suggesting that they are of increased immunogenicity), as well as the induction of signals consistent with the generation of regulatory T cells (which we found here to be highest in animals infected with the RD207 strains).
Most studies to date of the pathogenicity of strains with the guinea pig model have tended to focus on the Beijing strains, and far less is known about other lineages or families of strains. There is a growing concern that the newly emerging isolates of M. tuberculosis in general are more pathogenic, and this may have a serious impact on vaccine effectiveness. Not only is there a suspicion that BCG may actually have selected for the more virulent strains (1), but recent data (32) show that BCG is only transiently protective against Beijing strains and cannot overcome the induction of regulatory T cells. Since some new-generation vaccines are also based on BCG (4), this raises the real possibility that such vaccines will not work (32, 34, 35) . While as yet unproven, the induction of regulatory T cells by these pathogenic strains, coupled with dampening or loss of protective immunity but continuance of TH17 responses (as seen here), may drive the degree of severity of lung pathology, which in turn will enable bacilli to escape the lungs and then potentially be transmitted. One of the primary public health strategies to control tuberculosis is the evaluation of persons in close contact with an infectious tuberculosis patient (contact investigation) to identify secondary cases of active tuberculosis and latent tuberculosis infection. The bacterial factors governing transmissibility and pathogenicity of M. tuberculosis are poorly understood. Therefore, additional clinical and animal studies such as ours may serve to identify factors (like the features of the exposure or the immune status of the exposed person) that suggest a situation in which there is a greater risk of developing active tuberculosis. In these cases, the evaluation of contacts should be undertaken with great urgency. Also, we have discovered mutations likely to be functional in genes that are currently being used for diagnostic purposes (Rv0577 and Rv1009) (10, 45) or as candidates for subunit vaccines (Rv1009). These polymorphisms may limit their efficacy as diagnostic or vaccine targets.
In conclusion, the current molecular method-based sublineage classification appears to be associated biologically with clinical and pathological consequences, and differences between sublineages, particularly in the context of loss of protective immunity and increased lung damage, may favor or influence the capacity of these isolates to be transmitted within communities.
